To compare the quality of care following admission to a nursing home (NH) with and without a dementia special care unit (SCU) for residents with dementia. Data Sources/Study Setting. National resident-level minimum dataset assessments (MDS) 2005-2010 merged with Medicare claims and provider-level data from the Online Survey, Certification, and Reporting database. Study Design. We employ an instrumental variable approach to address the endogeneity of selection into an SCU facility controlling for a range of individual-level covariates. We use "differential distance" to a nursing home with and without an SCU as our instrument. Data Collection/Extraction Methods. Minimum dataset assessments performed at NH admission and every quarter thereafter. Principal Findings. Admission to a facility with an SCU led to a reduction in inappropriate antipsychotics (À9.7 percent), physical restraints (À9.6 percent), pressure ulcers (À3.3 percent), feeding tubes (À8.3 percent), and hospitalizations (À14.7 percent). We found no impact on the use of indwelling urinary catheters. Results held in sensitivity analyses that accounted for the share of SCU beds and the facilities' overall quality. Conclusions. Facilities with an SCU provide better quality of care as measured by several validated quality indicators. Given the aging population, policies to promote the expansion and use of dementia SCUs may be warranted.
home (Mitchell et al. 2005 ). The quality of care provided to these individuals is often substandard (Teno et al. 2001; Mitchell et al. 2004 Mitchell et al. , 2016 Sachs, Shega, and Cox-Hayley 2004) .
One well-utilized approach aimed at improving quality of care in this population is admission to a dementia special care unit (SCU). Although no national standard for SCUs exists, they are most commonly specialized wards within nursing homes where the structural design, staffing features, and activity programs are designed with the goal of providing a supportive social environment and prosthetic physical environment for older adults with dementia. Dementia SCU beds make up 4.5 percent of all nursing home beds and are the most common form of special care units, comprising 72 percent of all special care beds (Alzheimer's Association 2014).
Despite the widespread adoption of this approach to care, their effects on care quality are unclear. A number of papers have investigated the impact of SCUs on patient outcomes and found mixed results (Reimer et al. 2004; Gruneir et al. 2008a; Luo et al. 2010; Cadigan et al. 2012; van der Putten et al. 2014) . In a Cochrane review of this literature, Lai et al. (2009) stated that not enough information exists to conclude that SCUs improve measures of cognitive decline or process measures related to quality of care, such as the use of antipsychotics and restraints, and that "It is probably more important to implement best practice than to provide a specialized care environment." Importantly however, Lai et al. also stressed that the studies included in this review are based on potentially confounded research designs. Whether a nursing home resident with dementia is admitted to an SCU facility is not random. These individuals may systematically differ from individuals admitted to non-SCU facilities on a series of unobservable characteristics such as their prognosis and the presence of family oversight. Thus, simple comparisons of outcomes across SCUs and traditional units, even after controlling for observable characteristics, may yield biased estimates of the effect of SCUs on discharge outcomes. Furthermore, previous work has suggested that any observed improvements in quality of care associated with SCUs may reflect the quality of the facility overall, and not the effect of the SCU itself (Gruneir et al. 2007 (Gruneir et al. , 2008a . Consequently, the causal effect of SCUs on patient outcomes is unknown.
This study addresses this knowledge gap with the use of an instrumental variable to account for the potential selection of patients into facilities with SCUs. Specifically, we instrument for choice of an SCU using differential distance from the patient's home to the nearest nursing home with and without an SCU. The objective of our analysis is to estimate the effect of admission to a facility with an SCU on quality of care for individuals with dementia. Because distance is important toward predicting nursing home choice and an individual chooses where to live without regard as to whether nearby nursing homes have an SCU, the identifying assumption is that the instrument will be correlated with the selection of a nursing home with an SCU but independent of patient-specific measures that would determine selection. We study quality of care through process measures especially relevant to patients with dementia, including the use of antipsychotics and restraints, as well as indicators of quality of care more broadly relevant to the nursing home population, including the use of feeding tubes and urinary catheters, the presence of pressure ulcers, and the occurrence of hospitalizations. In addition, we include two additional analyses to test the hypothesis that nursing homes with an SCU are simply higher quality facilities than nursing homes without an SCU.
DATA
All individual-level data came from the Minimum Data Set (MDS) 2.0 Nursing home Assessment for years (Phillips and Morris 1997 . The MDS is a comprehensive assessment performed for all nursing home residents upon admission and then every quarter thereafter, or more often if a patient's clinical status changes significantly. The assessment contains nearly 400 data elements covering demographics, physical and cognitive functioning, chronic and acute diagnoses, and medications dispensed and procedures conducted during the patient's stay. To identify patient hospitalizations, we merged data from the MDS to eligibility data from the Medicare enrollment files and the Medicare Provider and Analysis Review (MedPAR) file containing the inpatient hospital claims. Facilities with an SCU were identified from the Online Survey, Certification, and Reporting (OSCAR) database, which is a survey of all certified nursing homes in the United States conducted approximately every 18 months. The survey collects information on nursing home characteristics such as facility size, staffing levels, and patient mix. Most importantly, it also collects information on the number of SCU beds in a facility (Gruneir et al. 2007 (Gruneir et al. , 2008a .
Study Cohort
We restricted our study cohort to fee-for-service Medicare eligible individuals who were "newly admitted" to a nursing home between 2005 and 2010 with a diagnosis of Alzheimer's disease or dementia (hereafter referred to as dementia only) at the time of admission. Because we exploit choice of a nursing home with or without an SCU, it is important to identify individuals who have not previously been admitted to a nursing home. Thus, we considered patients to be newly admitted if this was the first nursing home admission after a minimum of 12 months and included only the first eligible admission to a nursing home.
Dementia was identified by either the ICD-9 code (290.x) or by the indicator for Alzheimer's disease or dementia in section I (Disease Diagnoses) on the admission MDS assessment. Following admission, the patient's follow-up time through discharge was divided into quarterly assessments and patient outcomes were measured in each quarter. We further limited the cohort to individuals admitted to a facility with greater than 20 beds (99 percent of facilities) and long-stay residents, which we defined as residents with at least 100 days in the nursing home following admission. A total of 704,782 individuals met the eligibility criteria with a median follow-up time of 7.6 quarterly assessments.
Quality of Care Outcome Variables. We examined a series of quality measures that have been studied frequently in the literature (Zimmerman 2003; Gruneir et al. 2008b; Cadigan et al. 2012) . Specifically, in each person-quarter, we analyzed the presence of inappropriate antipsychotic use and the use of physical restraints, both of which have been shown to be especially dangerous for patients with dementia (Foebel et al. 2016) . Inappropriate antipsychotic use was identified according to a previously published definition which excludes individuals with FDA approved indications for antipsychotics as well as those meeting the Resource Utilization Group (RUGs-III) definition of severe behavioral symptoms (Lucas et al. 2014) . Additional outcomes included use of feeding tubes and indwelling urinary catheters, neither of which have been shown to improve quality of life for patients with dementia and instead can pose serious risks (Gillick 2000; Holroyd-Leduc et al. 2007; Kuo et al. 2009) , and the presence of pressure ulcers which are often an indicator that a patient is not being moved enough (Berlowitz et al. 1997) . Lastly, we also examined the occurrence of hospitalizations, which are often avoidable (Saliba et al. 2000) and can be especially burdensome for patients with dementia Feng et al. 2014) . All outcome measures are reported to CMS and are included as quality measures on the Nursing Home Compare website, with the distinction that all antipsychotic use is reported as opposed to inappropriate use only (Werner, Konetzka, and Kim 2013) .
Dementia Special Care Units. Our exposure of interest was admission to a nursing home with a dementia SCU. In our primary analysis, we defined a facility reporting one or more SCU beds on the OSCAR survey as having an SCU, while in additional analyses we used the percent of beds in a facility designated as SCU beds.
Covariates. We included several individual-and geographic-level covariates known to confound the relationship between admission to a facility with an SCU and quality of care (Sloane et al. 1995; Gruneir et al. 2008a ). Individuallevel characteristics included demographics (age, gender, race, marriage status, dually eligible to Medicaid and Medicare and if the patient was enrolled in a health maintenance organization [HMO]), cognitive and psychological diagnoses (hallucinations, delusions, bipolar disorder, schizophrenia, anxiety, level of cognitive impairment as measured by the Cognitive Performance Scale [Morris et al. 1994] , the Burrows depression scale [Burrows et al. 2000] and activities of daily living [Morris, Fries, and Morris 1999] ) chronic disease diagnoses (hypertension, diabetes, chronic obstructive pulmonary disease, congestive heart failure, coronary artery disease, stroke), and advanced directives (do not hospitalize, do not resuscitate). All individual-level covariates were obtained from the MDS assessment on admission. Characteristics of the resident's home zip code were obtained by linking individuals to data from the 2011-2015 American Community Survey and 2010 Decennial Census at the level of the zip code. Specifically, we included information on median income, education (percent with high school equivalence and percent with a bachelor's degree), insurance status (percent with public insurance and percent uninsured), percent unemployed, percent above age 65, and percent of the zip code classified as rural, defined as the area not within an urban area (Hart, Larson, and Lishner 2005) .
Impact of Dementia Special CareStatistical Analysis
To account for the endogeneity of facility choice, we instrument for admission to a facility with an SCU using the differential distance from the individual's home to a facility with an SCU relative to a facility without an SCU. To construct this measure of differential distance, we geocoded the address for each nursing home which we obtained from the OSCAR survey. We then calculated measures of distance as the straight line from the centroid of the individual's zip code to the nearest nursing home with and without an SCU using the GEODIST macro in SAS 9.4 (Cary, NC). The differential distance was then constructed as the distance to the nearest facility with an SCU minus the distance to the nearest facility without one (see Figure S1 ). We used the difference in the natural log of the distances to provide a relative measure of differential distance.
We first estimated a model that treats SCU status as exogenous. In this "na€ ıve" approach, we fit a linear probability model in which we regressed quality of care measures on a binary indicator for SCU, controlling for individual-and geographic-level covariates along with fixed effects for state, year, and period following admission. Robust standard errors were clustered at the level of the facility (Bertrand, Duflo, and Mullainathan 2004) . We estimated the following model:
where Y ip is the quality of care measured for person i in period p, SCU i is a binary indicator of whether the facility has an SCU on admission (0 = no, 1 = yes), X i is a vector of individual-level covariates measured on admission, k i represents state fixed effects (and thus neither SCU i , X i nor k i vary over p), s ip represents year and period fixed effects, and ɛ ip is the error term.
To account for the endogeneity of facility choice, we employed a twostage least squares (2SLS) instrumental variable analysis in which fitted values ( d SCU i ) from the first-stage estimates of the regression of SCU on differential distance, DD i (equation 2), replace the endogenous measure of SCU from the na€ ıve estimation (equation 3; Angrist and Imbens 1995) . In both equations, we included all covariates from the na€ ıve estimation and include robust standard errors clustered at the level of the facility 
Model Assumptions and Checks
In order to interpret our estimate as an unbiased effect of admission to a facility with an SCU on quality of care, our instrument needs to satisfy several assumptions. First, we assume that differential distance is negatively correlated with admission to a facility with an SCU. We base this assumption on a large body of literature demonstrating that distance is a strong driver of provider choice, including nursing homes (Hartmaier et al. 1994; McClellan, McNeil, and Newhouse 1994; Phillips and Morris 1997; Hirth et al. 2014; Paksarian et al. 2016; Gadbois, Tyler, and Mor 2017) . Thus, the greater the distance that an individual must travel to a nursing home with an SCU relative to a nursing home without an SCU, the less likely that individual is to be admitted to a facility with an SCU. An empirical test of this assumption comes from the first stage of the 2SLS estimation procedure, in which admission type (to a facility with or without an SCU) is regressed on differential distance. A second assumption is that the instrument is uncorrelated with the error term in the second stage estimation. A violation of this assumption could occur if individuals choose their residence based on the SCU status of the nearest nursing home, or nursing homes with SCUs chose their location based on the characteristics of the local population differently than nursing homes without SCUs. We can test the first assumption by regressing differential distance on our endogenous variable (SCU, yes no). A large F-statistic (generally accepted as >10) suggests there is a strong relationship between our instrument and SCU status of the facility (Staiger and Stock 1997) . However, the second assumption can only be evaluated on the set of observables measured in the MDS and census. Evidence suggesting that differential distance is independent of the set of observed characteristics leads to greater confidence that it is also independent of unobserved confounders, although this is not possible to prove. To test the first assumption, in Figure 1 we present a scatterplot based on work by Brooks et al. (2006) depicting the relationship between differential distance and admission to a facility with an SCU. On the x-axis, we plot the values of differential distance rounded to the nearest 0.01 of a kilometer. On the left y-axis in dark gray, we plot the predicted probability of admission to facility with an SCU obtained from the first-stage estimation (equation 2). From the figure, we can clearly see a strong negative relationship between differential distance and probability of admission to an SCU. Patients who live closer to an SCU facility are more likely to be admitted to a facility with an SCU, while patients who live closer to a non-SCU facility are less likely to be admitted to a facility with an SCU. After accounting for clustering, the F-statistic for the instrument from the first-stage regression is 115 (df = [81, 15,344], p < .001), which meets the Staiger and Stock (1997) standard of being a strong instrument. On the right y-axis, we plot the mean number of comorbidities at each value of the differential distance in light gray. The following conditions were included in the measure of comorbidities on admission: severe cognitive impairment, short-term and long-term memory loss, hallucinations, delusions, severe behavior as measured on the Resource Utilization Group Scale (RUGS) III , bipolar disorder, coronary artery disease, congestive heart failure, chronic obstructive pulmonary disease, Notes: Area of the bubble represents relative sample size at each measure of differential distance rounded to the nearest 0.1 km. Comorbidities include severe cognitive impairment, age greater than 85, hallucinations, delusions, severe behavior as measured on the Resource Utilization Group Scale (RUGS) III, bipolar disorder, coronary artery disease, congestive heart failure, chronic obstructive pulmonary disease, stroke, diabetes, and hypertension. Probabilities are adjusted for covariates reported in Table 1 , as well as state, year, and period fixed effects. Standard errors are clustered at the level of the facility (number of facilities = 15,743). stroke, diabetes, and hypertension. In contrast to relationship between differential distance and admission to a facility with an SCU, we can see that there is no evidence of a relationship between the mean number of comorbidities and differential distance, suggesting good balance when individuals are sorted by the instrument. Again, we demonstrate this statistically by providing the correlation coefficient (CC) and associated p-value (CC = 0.002, p = .113).
To further evaluate the second assumption, we compared the prevalence of all measured covariates and census characteristics of the patient's zip code by the median differential distance (0.9 km) (see Table 1 ). Because of our large sample size, small differences in the mean that are not substantively important may still be significantly different. Thus, in addition to the p-value for each comparison, we provide the standardized mean difference, which is a comparison of means standardized by the pooled standard deviation, and thus is not influenced by sample size. Values between À0.1 and 0.1 are not considered meaningfully different. Once again, we see little evidence of a relationship between the observed covariates and differential distance. Although the vast majority of covariates were statistically different, most were within the À0.1 to 0.1 boundary of the standardized mean difference, except for white race, which was less prevalent above the median (83 vs. 87 percent), and dual eligibility status, which was more prevalent above the median (28 vs. 34 percent). Geographic characteristics of the patients' zip code tended to differ the most. Individuals with a differential distance above the median lived in zip codes that were more rural (23.6 vs. 18.3 percent), with a higher prevalence of uninsured (12.7 vs. 11.6 percent) and public insurance (34.7 vs. 33.4 percent) as well as lower prevalence of individuals with a bachelor's degree (8.0 vs. 8.1 percent).
As a final check on our instrument, we conducted a falsification test in which we compared first-stage results for individuals entering a nursing home far from the facility nearest to their primary residence. We base this falsification test on work done by Doyle (2011) in which he examined health care spending for individuals admitted to the emergency department while on vacation as a means of addressing selection due to geographic differences in health care spending. The decision to enter a nursing home far from home is often due to the proximity to family members, which suggests this decision should be unrelated to one's local exposure to a nursing home with an SCU. Thus, for individuals traveling far distances, we expect the first-stage results to be small and nonsignificant.
In Figure S2 , we present a figure identical to Figure 1 but stratified by the distance between the nearest nursing home to an individual and the nursing home to which they were admitted. In this figure, we can see that for individuals traveling far distances, differential distance has a weak relationship with the presence of an SCU in the admitting facility. Additionally, we find correlation coefficients measuring the linear association between differential distance and mean number of comorbidities between 0.0 and 0.02 for each absolute distance category, suggesting good balance in measured covariates across values of our instrument.
Distinguishing the Effect of the SCU from the Overall Quality of the Facility
The purported goal of SCUs is to provide better quality of care to patients with dementia (Luo et al. 2010 ). However, a common criticism is that instead of (or possibly in addition to) providing better care, SCUs are used as a marketing tool that signals to consumers the presence of a high-quality facility that invests in their care (Phillips, Potter, and Simon 1998; Gruneir et al. 2007 Gruneir et al. , 2008a . Indeed, within our own data we observe differences between SCU and non-SCU facilities in the facility characteristics measured on the OSCAR survey and the characteristics of the local population as measure by the census (Table S1 ). In light of these criticisms and our own findings, it is important to consider if the benefits of admission to a nursing home with an SCU result from the SCU itself or if, instead, the SCU is a signal to consumers of facility quality. We focus on the distinction between the effect of the SCU and the effect of the facility in two ways. First, we replace our binary endogenous variable (SCU, yes or no) with a continuous measure of the proportion of SCU beds. We base this approach on the hypothesis that if SCUs directly affect quality of care, we would expect to observe a significant relationship between the proportion of SCU beds in a facility and quality of care outcomes, as a higher percentage of SCU beds implies a greater proportion of individuals "exposed" to the SCU. If, on the other hand, our estimates simply reflect overall facility quality, we would expect no relationship between proportion of SCU beds and quality of care outcomes.
As a second mechanism for distinguishing the role of the facility from that of the SCU, we expand the cohort to include individuals without dementia on admission and interact our instrument, differential distance, with a binary measure for dementia upon admission. Under this approach, we assume that the effect of a dementia SCU should be greatest among patients with dementia as they are the only patients eligible for admission to the SCU. Thus, if the difference between SCU and non-SCU facilities reflected underlying 
RESULTS

Study Cohort
The study cohort consisted of 704,782 individuals, among whom the average age was 83.0 and 68.3 percent were female. Table 3 presents the estimates of the effect of admission to a facility with an SCU on quality of care. Coefficient estimates represent the percentage point change in the quality of care measure associated with admission to a facility with an SCU. We present the results from both the linear 
Primary Results
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ADL, activities of daily living; COPD, chronic obstructive pulmonary disease; HMO, health maintenance organization.
probability and instrumental variable models. In the linear probability model, admission to a facility with an SCU is associated with a significant decrease in all measured outcomes with the exception of inappropriate antipsychotics and physical restraints. Similar to the linear probability model, estimates from the instrumental variable model also found significant decreases in the use of feeding tubes (coefficient À0.38, standard error 0.20), pressure ulcers (coefficient À0.34, standard error 0.19), and hospitalizations (coefficient 1.80, standard error 0.20), although no significant difference in the use of catheters. However, distinct from the linear probability model, the instrumental model found significant decrease in the use of inappropriate antipsychotics (coefficient À1.46, standard error 0.33) and the use of restraints (coefficient À0.67, 95% CI 0.28). 
Additional Analyses
In Table 4 , we present the results from two additional analyses aimed at distinguishing the effect of the SCU from the underlying quality of the facility within which it is embedded. First, we replaced the endogenous variable (SCU, yes or no) with a continuous measure of the proportion of beds in the facility that are dedicated SCU beds. Similar to results when using a binary instrument, we find a significant and negative relationship between the proportion of SCU beds in a facility and the risk of all outcomes with the exception of the use catheters. Second, we expand the cohort to include nondementia patients and interact our endogenous measure for admission to a facility with an SCU in the second stage with a binary measure of dementia upon admission to the facility. Here we present the coefficients from the main effects (SCU and Dementia) as well as the interaction term. Across all quality measures, we find that there is a significantly greater negative effect of admission to a facility with an SCU for patients with, as compared to without, dementia. 
DISCUSSION
Numerous studies have evaluated the association between SCUs and quality of care for patients (Sloane et al. 1995; Reimer et al. 2004; Gruneir et al. 2007 Gruneir et al. , 2008a Cadigan et al. 2012 ). However, as Lai et al. (2009) highlighted in their Cochrane Report, nursing home selection is not exogenous. As a result, selection bias has been a frequent limitation in prior studies. This has ultimately resulted in mixed findings and confusion for both patients and policy makers as to the benefit of SCUs. In this study, we employ an instrumental variable approach to address this issue of selection, using differential distance to the nearest nursing home with and without an SCU to instrument for nursing home selection. Among residents with dementia admitted to a nursing home with an SCU, we found a significant reduction in the use of inappropriate antipsychotics, restraints, pressure ulcers, feeding tubes, and hospitalizations, but no change in the use of urinary indwelling catheters. Differential distance instruments can be used for selection of a nursing home with or without an SCU, but they cannot distinguish between the direct effect of the SCU and other characteristics of nursing homes associated with the presence of an SCU that may also be associated with better quality of care. Thus, it is possible that our primary findings reflect higher quality facilities overall, and are not necessarily attributable to the SCU. This distinction between the effect of the SCU and the overall quality of the facility is important toward developing effective policy recommendations. Evidence that SCUs produce better outcomes would provide support for their expansion to additional nursing homes. However, evidence to the contrary would suggest that SCUs are, at best, a waste of valuable resources and, at worst, actually harming patients. Yet we find that as the proportion of SCU beds in a facility rises, the risk of inappropriate antipsychotic use, restraints, feeding tubes, pressure ulcers, and hospitalizations all decrease, suggesting that some, if not all, of the effect on quality of care operates through the SCU. These findings are further supported by the significant difference in the effect of admission to a facility with an SCU for patients with dementia as compared to those without dementia. It is important to note, however, that while the results from our additional analyses lend support to the hypothesis that there is a direct effect of the SCU on quality of care, we also find differences in the characteristics of facilities with and without an SCU. Thus, it is possible that both are true: facilities with SCUs tend to provide better quality overall, and the SCU also provides better quality care for patients with dementia.
Our study was limited in several ways. First, no single definition of an SCU exists, and the number of SCU beds is self-reported. Thus, to the extent that the features of an SCU vary, what constitutes an SCU may vary by facility, although most SCUs do report specialized training for staff, lower staffto-patient ratios, and physical environments tailored to dementia patients (Park-Lee, Sengupta, and Harris-Kojetin 2013). Given the lack of a standard definition, it is possible that the differences between SCU and non-SCU facilities may not be as great as originally assumed, resulting in misclassification of our exposure. If this misclassification is nondifferential, meaning it is not associated with other facility characteristics that may affect quality of care, then our estimates may actually reflect an underestimate of the true effect. On the other hand, if the misclassification is associated with facility characteristics, then it is not possible to determine in which direction our estimates would be biased.
Second, the OSCAR survey is conducted approximately every 18 months, and a facility's SCU status may have changed during that period as SCUs were built or taken down. As a result, there is potential for misclassification of the instrument if the nearest identified SCU facility was actually a non-SCU facility or vice versa. Of the 15,743 facilities in our sample, 1,744 (11.3 percent) of facilities either included or removed an SCU from their facility during the study period. However, this type of nondifferential misclassification would again serve to bias our estimates toward the null and result in an underestimate of the true effect. Lastly, although the MDS is a standard assessment tool for nursing homes, there have been reports of interfacility variation in the quality of reporting (Wu et al. 2005 ). Thus, it is possible that some facilities provided more accurate information on patients' health status and outcomes. However, no evidence exists that variation in the quality of data collection systematically favored SCU or non-SCU facilities.
As the baby-boom generation ages, the number of individuals with dementia will continue to rise and nursing homes will be charged with caring for a growing population with special treatment needs. Our findings suggest that SCUs are an effective method of reducing inappropriate antipsychotic use, physical restraints, feeding tubes, pressure ulcers, and hospitalizations. Our results are consistent when accounting for the percent of SCU beds in a facility and interactions between dementia and SCUs status, suggesting that our findings may not simply be the result of better quality of care overall but instead may be in part attributable to the SCU itself. 
